Introduction {#Sec1}
============

Laparoscopic surgery of the digestive organs has been widely performed for more than 25 years^[@CR1]^. Laparoscopic techniques have been effectively applied for gastrointestinal surgery in many institutions, resulting in reduced blood loss, a shorter hospitalization period, decreased postoperative pain, faster postoperative recovery, and improved quality of life compared with general open surgery^[@CR2]--[@CR4]^. However, accurate localization of tumor lesions in patients with early cancer is difficult because direct contact with the organ is not possible. Therefore, marking the tumor lesion during preoperative endoscopy and determining the accurate oncologic resection range are necessary^[@CR5]^. The usual preoperative marking method is currently a tattooing method in which India ink is injected into the submucosal membrane layer^[@CR6]^. However, this method has several problems such as inflammation, perforation, and spreading of the ink^[@CR7],[@CR8]^. We previously reported the surgical usefulness of indocyanine green as a safer alternative^[@CR9]^. However, the problem of dye diffusion has not been resolved.

Endoscopic clips are palpable during open surgery. However, these clips are invisible from the outside of the serosal walls of the gastrointestinal tract and are not palpable during laparoscopic surgery. Although the best method of identifying tumor lesions is intraoperative endoscopy, it is not recommended in terms of cost, the need for additional human power, and extension of the operation time. To identify the location of the tumor and determine the most accurate resection range, we previously reported a marking method that involves the use of an integrated circuit tag^[@CR10]^. We subsequently improved this marking method and developed a new marking method. This new method involves an endoscopic clip combined with a light-emitting diode (LED) and power source using electromagnetic power transfer to identify a precise location during laparoscopic surgery. In the present study, we assessed the usefulness and safety of this marking method in human gastrointestinal tissue during surgery.

Materials and Methods {#Sec2}
=====================

LED marker {#Sec3}
----------

We developed an LED marker that is attached to the tip of a coiled antenna and coated with paraxylene rubber (Fig. [1](#Fig1){ref-type="fig"}). The LED marker is linked to an endoscopic clip with a string (Fig. [2](#Fig2){ref-type="fig"}). An endoscopic clip (model HX-610-090; Olympus Medical Systems Corporation, Tokyo, Japan) is used to attach and maintain the endoscopic clip with the LED marker on the mucosal epithelium at the objective location. The size of the coiled antenna with the LED is 9 × 2 × 2 mm, which allows it to pass through the forceps aperture of a gastrointestinal endoscope.Figure 1Design of the light-emitting diode (LED) marker. The LED is attached to the tip of a coiled antenna and coated with paraxylene rubber. Scale bar: 10 mm.Figure 2Photograph of the light-emitting diode (LED) marker with a string. The LED marker is linked to an endoscopic clip with a string. Scale bar: 10 mm.

Power source device {#Sec4}
-------------------

The power source device is an induction coil antenna. An LED connected to a coiled antenna can be sensed with light in an electromagnetic field that reacts to an electric wave emitted from an induction coil antenna (Fig. [3](#Fig3){ref-type="fig"}). The power source device is covered with a sterilized bag and connected to a power supply. The power source device is designed to detect an electric wave outside of the human body during laparoscopic surgery. The LED marker can be detected through the intestinal wall and create light upon detection of an object. The LED lights up only when the power source antenna detects it. These devices were made in compliance with the Japanese Radio Act and the Japanese Ministry of Internal Affairs and Communications. The LED marker is a noninvasive and useful detectable marker for identifying an objective location.Figure 3Design of the power source device. The power source device is an induction coil antenna. The light-emitting diode, which is connected to the coiled antenna, can be sensed with light in an electromagnetic field and reacts to an electric wave that is emitted from the induction coil antenna. Scale bar: 50 mm.

Clinical examination {#Sec5}
--------------------

Two LED markers were placed on the gastrointestinal mucosa to determine their detectability (Fig. [4](#Fig4){ref-type="fig"}). These two markers were placed opposite to each other (180 degrees) to avoid the mesenteric and anal sides of the lesion. We assessed the detectability of the LED markers in two patients with colorectal cancer and in one patient with gastric cancer by two other laparoscopic surgeons (Table [1](#Tab1){ref-type="table"}). Two sets of an endoscopic clip with an LED were placed on the gastrointestinal mucosa from 3 days to 1 day before the operation. Laparoscopic surgery was performed, and we evaluated the LED marker using the power source device outside of the patient's body. This study was approved by the Institutional Review Board of the Osaka International Cancer Institute (No. 1512046211; UMIN000032204; Date of registration, February 2, 2016). Written informed consent was obtained from all patients, and all experiments were performed in accordance with relevant guidelines and regulations.Figure 4Preoperative clinical examination. We placed an endoscopic clip with a light-emitting diode on the colonic mucosa of a patient during a preoperative endoscopic examination.Table 1List of patients and the locations of gastrointestinal cancers examined by the LED marking method.Patient numberAge (yrs)/GenderBMI (kg/m^2^)Tumor locationDetectable or not168/Female20.2Sigmoid colonDetectable264/Male26.2Sigmoid colonDetectable360/Male18.4Antrum (Stomach)DetectableBMI: Body Mass Index.

Results {#Sec6}
=======

The LED markers were detected using the power source device during the operation in all three of the patients' gastrointestinal organs. The LED marker was powered outside of the body. We validated the LED marker, which was able to be identified from the serosal side of the gastrointestinal organs (Fig. [5](#Fig5){ref-type="fig"}). Detection of the LED marker was accurate. In the resected specimen, the endoscopic clip was located on the mucosa and indicated an accurate resection range. Histologic evaluation of the surgical specimens showed no complications such as inflammation, necrosis, or fibrotic reaction. Using the power source device, the LED marker was successfully detected and its precise position was indicated by light (Movie [1](#MOESM1){ref-type="media"}). Accurate laparoscopic resection of the lesion was able to be performed, and the clips aided in accurate laparoscopic resection.Figure 5Clinical examination during laparoscopic surgery. We used a power source device outside of the patient's body to detect the light-emitting diode (LED). The LED marker was successfully detected and its precise position was indicated by light.

Discussion {#Sec7}
==========

Accurate localization of tumors during laparoscopic surgery is important. Detecting the precise location of a tumor shortens the operation time and reduces operative invasion, leading to faster postoperative recovery and establishment of an oncological safety margin^[@CR5]^.

Preoperative marking is currently used for localization in laparoscopic surgery, and marking techniques include preoperative endoscopic clipping, endoscopic tattooing, and intraoperative endoscopy^[@CR11],[@CR12]^. Among these three methods, the most common marking method is endoscopic tattooing. India ink or indocyanine green is injected into the submucosal layer of the gastrointestinal wall^[@CR9],[@CR13]--[@CR15]^. With the tattooing method, however, the dye spreads into the submucosal layer or abdominal cavity, making identification of a precise location more difficult^[@CR16],[@CR17]^. Moreover, some studies have shown that leakage of India ink into the abdominal cavity induces severe complications, such as peritonitis, and the reported complication rate was 0.22%^[@CR18]--[@CR20]^. Intraoperative endoscopy is a useful approach, but it requires an additional endoscope, an endoscopist, and a longer operation time. Laparoscopic surgery is difficult because it sometimes causes air inflation of the intestine^[@CR21],[@CR22]^. A preoperative marking clip is the easiest and most noninvasive method among all preoperative marking methods. A recent study showed that fluorescence-coated clips (indocyanine green and CF™790; Biotium, Hayward, CA, USA) were visible with near-infrared fluorescence imaging in a porcine model of laparoscopic surgery^[@CR23],[@CR24]^. However, this method requires an atypical near-infrared fluorescence imaging system to detect the fluorescence-coated clips and approval for clinical use.

We previously reported a marking method that involves an integrated circuit tag^[@CR10]^. Furthermore, we improved our previous device to create a novel marking method with an LED and power source using electromagnetic power transfer to identify a precise location during laparoscopic surgery. In our previous study, we evaluated the efficacy and safety of the present technology in a porcine model of laparoscopic surgery^[@CR10]^. The detectable distance between the LED marker and power source was about 20 cm. This suggests that our device can be detected even in patients with a higher body mass index to move the marked colon or the power source antenna outside of the body. The LED activates only when the power source antenna detects it, preventing the LED light from generating any heat.

This is the first report of a new marking clip with an LED that can accurately identify an objective location and is noninvasive for intraoperative use in humans. However, our study has some limitations. Commercializing the product and limiting costs to allow its general clinical application are necessary. In the present study, we placed the LED marker from 3 days to 1 day before the operation; for longer durations of placement, the timeline between colonoscopic placement of the marker and surgery should be evaluated. Our novel device was validated in only a few patients with gastrointestinal cancer. However, this tool can help physicians to precisely detect target locations in laparoscopic surgery, leading to better outcomes for patients. Clinical trials will be conducted to evaluate the usefulness, examining the physicians' stress and surgical outcomes for the future.

Conclusions {#Sec8}
===========

We developed a novel marking device using an endoscopic clip with an LED and power source device to precisely detect an objective location. We successfully demonstrated the usefulness of this clip with an LED and antenna device for detection of gastrointestinal cancer in patients.
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